Therefore, limiting sodium intake might be an important intervention to reduce risk for CVD and HF.
Based on the effects of sodium reduction on blood pressure and the current levels of sodium consumption, investigators have projected substantial benefits on outcomes with stricter dietary sodium control. [13] [14] [15] These projections are based on extrapolation from investigations with high baseline sodium intake (>3000 mg/d) and assume neutral or beneficial effects on other risk factors. 16 Also, except for a recent modeling study, 15 the differential blood pressure-lowering effect of sodium restriction in prehypertensive and hypertensive vs normotensive populations was not taken into account. Strict dietary sodium control may unfavorably modulate insulin resistance, 17, 18 serum lipid levels, 19 and neurohormonal activity, 19, 20 factors that predispose to CVD and HF. The uncertain net effect of these opposing forces is highlighted by findings in recent observational studies, [21] [22] [23] [24] including a multinational cohort of more than 100 000 participants 24 and a meta-analysis, 25 all of which suggest a J-shaped or U-shaped association between dietary sodium intake and outcomes. In addition to the concerns raised by these reports, inadequate caloric intake and medication interactions are additional concerns associated with very low sodium intake in older adults. [26] [27] [28] Data on sodium restriction are scarce in this population, especially for those with blood pressure at target. Also, achieving sodium intake of less than 1500 mg/d is difficult, particularly in older adults with long-held dietary habits. 29 Therefore, the incremental benefit of restricting sodium intake to lower targets (<1500 mg/d) instead of the general recommendation of 2300 mg/d would need to be prospectively evaluated, as suggested by a recent Institute of Medicine report. 30 In this direction, data from cohort studies can provide useful insights and facilitate the design of future prospective studies.
In this study, we investigated the association between dietary sodium intake, as assessed in year 2 with a food frequency questionnaire (FFQ), and risk for (1) all-cause mortality, (2) incident CVD, and (3) incident HF in the Health, Aging, and Body Composition (Health ABC) Study using subsequent 10-year follow-up data. In secondary analyses, we (1) evaluated for interactions with sex, race, and hypertensive status at baseline and (2) repeated analyses with sodium intake indexed for body mass index and total caloric intake.
Methods

Study Population
The institutional review boards at the University of Pittsburgh, the University of Tennessee, Knoxville, and the University of California, San Francisco, approved the Health ABC protocol. All participants provided written informed consent. The Health ABC Study enrolled 3075 well-functioning, community-dwelling individuals 70 to 79 years old between April 1, 1997, and July 31, 1998. Participants were identified from a random sample of Medicare beneficiaries of white race and all age-eligible black community residents in designated zip code areas surrounding Pittsburgh, Pennsylvania, and Memphis, Tennessee. Exclusion criteria included difficulties with walking, stair-climbing, or activities of daily living, as well as obvious cognitive impairment and inability to communicate. At the year 2 visit, our study baseline participants were asked to complete an FFQ. Data on sodium intake were available for 2713 of 2732 participants (99.3%) who were alive and attended the year 2 visit. This analysis includes data on 2642 participants (age range, 71-80 years); we excluded 63 participants with known HF at year 2 (assuming these participants received education on a low sodium diet) and 8 participants with implausibly low sodium intake values (<300 mg/d). Complete adjudicated 10-year follow-up data were available for 2628 of 2642 participants (99.5%). For incident CVD analyses, we considered only the subset of 1981 participants without prevalent CVD at baseline.
Food Frequency Questionnaire
Food intake was recorded at year 2 (at the first annual follow-up visit) with a 108-item FFQ designed specifically for the Health ABC Study by Block Dietary Data Systems (Berkeley, California) and based on reported intakes of non-Hispanic white and black residents of the Northeast and South 65 years or older in the Third National Health and Nutrition Examination Survey. The reference period was the preceding year. A trained interviewer administered the FFQ, and interviews were periodically monitored to assure quality and consistency. Woodblocks, real food models, and flash cards were used to help participants estimate portion sizes. Nutrient and food group intakes were determined by Block Dietary Data Systems. The Block Dietary Data Systems family of FFQs has undergone extensive validation, including early investigations in middle-aged and older adults 31 and, more recently, validation of caloric and sodium components against 24-hour recalls in later versions for special populations. 32 
Study Definitions
Race was self-defined. Hypertensive status was defined as selfreported history of hypertension, accompanied by the use of antihypertensive medications. Diabetes mellitus was based on self-report or the use of antidiabetic medications. Smoking was classified as current, past (≥100 lifetime cigarettes), or never. Exercise and lifestyle activities were summarized in kilocalories per week using a standardized questionnaire designed by the Health ABC Study. Major electrocardiogram abnormalities included (1) conduction defects, (2) irregular rhythm, (3) left ventricular hypertrophy, and (4) Q-wave or major T-wave and ST-segment abnormalities. Minor abnormalities included minor ST-segment or T-wave abnormalities. Prevalent CVD was defined as (1) coronary heart disease (history of myocardial infarction, angina treated with medications, or coronary revascularization), (2) cerebrovascular disease (history of stroke, transient ischemic attack, or carotid endarterectomy), or (3) peripheral vascular disease (history of intermittent claudication or vascular bypass or angioplasty) at Surveillance was conducted by in-person examination alternating with a telephone interview every 6 months. The Health ABC Study Diagnosis and Disease Ascertainment Committee reviewed all hospital records, death certificates, informant interviews, and autopsy data to adjudicate immediate and underlying causes of death. A panel of clinicians verified diagnoses based on hospital records, interviews, and death certificates. Medical records for overnight hospitalizations were reviewed at each site by local adjudicators. Cardiovascular disease events were identified and adjudicated using the surveillance and adjudication process described above. Incident CVD was defined as new (1) coronary heart disease (myocardial infarction, angina, or coronary revascularization), (2) cerebrovascular disease (stroke, transient ischemic attack, or symptomatic carotid artery disease), (3) peripheral arterial disease, or (4) death owing to cardiovascular causes. Incident HF was defined as a first admission with overnight stay confirmed to be related to HF based on symptoms, signs, chest radiographs, and echocardiographic findings using criteria similar to those of the Cardiovascular Health Study.
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Statistical Analysis
We examined sodium intake as a continuous variable and as a categorical variable using the recommendation-level cutoff points (ie, <1500, 1500-2300, and >2300 mg/d). 30 We examined for nonlinear associations using restricted cubic splines. 37 For baseline characteristics, we used year 2 values whenever available; smoking status, physical activity, electrocardiogram findings, and creatinine and albumin levels were carried over from year 1. To examine the association between dietary sodium intake and 10-year mortality, we used Cox proportional hazards regression models. We adjusted for demographics and factors previously associated with mortality in the Health ABC Study, 34 including age, sex, race, baseline hypertensive status, body mass index, smoking status, physical activity, prevalent CVD, pulmonary disease, diabetes mellitus, depression, blood pressure, heart rate, electrocardiogram abnormalities, and glucose, albumin, creatinine, and cholesterol levels. Covariate values were complete in 98.3% of participants. Confidence intervals were calculated with bootstrapping (normal-based with 1000 replications). Proportionality of hazards was evaluated with Schoenfeld residuals. The power to detect a 20% increase in mortality risk per 1 g of sodium intake (assuming a linear association) was 80.5% at 2-sided α = .05. For CVD, we used the competing risks model by Fine and Gray 38 in the subset of participants without prevalent CVD at baseline to account for competing noncardiovascular death. We adjusted for the risk factors described above, which include risk factors for CVD previously identified in the Health ABC Study. 34, 39 We followed the same approach for HF risk (with death as a competing risk) and adjusted for the same risk factors, which include previously identified HF risk predictors in the Health ABC Study. 40 Proportional hazards in competing risks models were evaluated using interaction terms with time. We repeated analyses, entering continuous sodium intake indexed for (1) body mass index (indexed sodium intake) and (2) total caloric intake (sodium density). In secondary analyses, we evaluated (1) the association between dietary sodium intake and self-reported appetite grade (on a 5-point Likert-type scale ranging from very good to very poor) and (2) self-reported adoption of a low-salt diet at the year 2 visit, as well as potential confounding effects from these characteristics. In exploratory analyses, we examined the association between dietary sodium intake and outcomes using alternative binary definitions for high intake (3000 and 4000 mg/d). Analyses were performed with statistical software (STATA 12.1; StataCorp LP).
Results
Baseline Characteristics
The mean (SD) age of 2642 cohort participants was 73.6 (2.9) years, 51.2% were female, 61.7% were of white race, and 38.3% were black. The baseline characteristics according to sodium intake are summarized in Table 1 . More sodium was consumed by men (median, 2850 mg/d; 25th to 75th percentile, 2140-3640 mg/d) than by women (median, 2320 mg/d; 25th to 75th percentile, 1760-2950 mg/d) (P < .001). Participants of white race and participants with diabetes mellitus consumed more sodium, whereas participants with hypertension had lower intake. Greater sodium intake was associated with higher albumin and creatinine levels but with lower cholesterol levels.
Mortality
After 10 years, 881 participants had died (Kaplan-Meier mortality, 33.7%). The association between dietary sodium intake and 10-year mortality was approximately linear; although the spline model suggested a U-shaped association (Figure 1 ), the gain in fit did not justify the added model complexity. Table 2 summarizes the association between baseline sodium intake and mortality as a continuous variable in the entire cohort and in the subgroups of interest. The hazard ratios (HRs) for mortality per 1 g of sodium intake were 1.09 (95% CI, 1.04-1.16; P = .001) in the crude model and 1.03 (95% CI, 0.98-1.09; P = .27) in the adjusted model. The main confounder was sex, attenuating the unadjusted estimate by 48.4%. The crude association was stronger in women and in participants without hypertension (P = .07 and P = .10, respectively, for interaction), but these trends were attenuated in adjusted models (P = .48 and P = .11, respectively, for interaction). No evidence of differential association was observed across races. No association in subgroups retained significance in adjusted models. Mortality rates were 33.8%, 30.7%, and 35.2% among participants consuming less than 1500, 1500 to 2300, and greater than 2300 mg/d of sodium, respectively (P = .07, log-rank test) ( Figure 2) . In crude models, sodium intake exceeding 2300 mg/d was associated with higher mortality than sodium intake of 1500 to 2300 mg/d, driven by the higher risk in women, blacks, and participants without hypertension (Table 2) . However, none of these findings retained significance in adjusted models.
When sodium intake was indexed for caloric intake (sodium density), the results were not materially different: HRs per milligram per kilocalorie were 1.34 (95% CI, 1.06-1.70; P = .01) in the crude model and 1.20 (95% CI, 0.93-1.54; P = .16) in the adjusted model. No significant interaction with major subgroups of interest was observed. Indexing sodium intake for body mass index yielded similar results: HRs per 100 mg/kg/m 2 daily sodium were 1.36 (95% CI, 1.19-1.55; P < .001) in the crude model and 1.11 (95% CI, 0.96-1.28; P = .17) in the adjusted model, without significant interactions.
Incident CVD
Among 1981 participants without CVD at baseline, 572 (28.9%) had developed CVD after 10 follow-up years. The lin- Table 3) . The cumulative incidence rates of CVD during 10 years, accounting for competing mortality, were 28.5%, 28.2%, and 29.7% for less than 1500, 1500 to 2300, and greater than 2300 mg/d of sodium intake, respectively. Using the category of 1500 to 2300 mg/d as reference (lowest incidence), adjusted sHRs were 1.05 (95% CI, 0.79-1.41; P = .73) for less than 1500 mg/d and 1.02 (95% CI, 0.84-1.24; P = .82) for greater than 2300 mg/d intake.
In sodium density models, sHRs per milligram per kilocalorie of sodium for CVD were 1.15 (95% CI, 0.85-1.56; P = .36) in the crude model and 1.00 (95% CI, 0.72-1.38; P = .98) in the adjusted model. In body mass index sodium models, sHRs per 100 mg/kg/m 2 of sodium were 1.13 (95% CI, 0.94-1.35; P = . 20) in the crude model and 1.10 (95% CI, 0.90-1.34; P = .36) in the adjusted model.
Incident HF
Among 2642 participants (no participant had HF at baseline by design), 398 (15.1%) had developed HF after 10 follow-up years. The association between dietary sodium intake and HF was linear. The sHRs for HF per 1 g of sodium intake were 1.03 (95% CI, 0.95-1.12; P = .50) in the crude model and 1.00 (95% CI, 0.92-1.08; P = .92) in the adjusted model, accounting for competing mortality. No differential association in subgroups was observed ( Table 3) . The cumulative incidence rates of HF during 10 years, accounting for competing mortality, were 15.7%, 14.3%, and 15.5% for less than 1500, 1500 to 2300, and greater than 2300 mg/d of sodium, respectively. Using the category of 1500 to 2300 mg/d as reference (lowest incidence), adjusted sHRs were 1.11 (95% CI, 0.77-1.61; P = .57) for less than 1500 mg/d and 1.08 (95% CI, 0.86-1.36; P = .52) for greater than 2300 mg/d intake.
In sodium density models, sHRs per milligram per kilocalorie of sodium for HF were 1.28 (95% CI, 0.87-1.89; P = .21) in the crude model and 1.03 (95% CI, 0.70-1.51; P = .89) in the adjusted model. In body mass index sodium models, sHRs per 100 mg/kg/m 2 of sodium were 0.94 (95% CI, 0.75-1.18; P = .60) in the crude model and 1.00 (95% CI, 0.80-1.25; P = .99) in the adjusted model.
Self-reported Appetite and Self-reported Adoption of a Low-Salt Diet
At the year 2 visit, participants rated their appetite on a 5-point Likert-type scale (a higher grade represented a worse appetite). Among 2637 of 2642 responders (99.8%), only 3.5% rated their appetite as poor (3.0%) or very poor (0.5%). The correlation between sodium intake and appetite grade was significant but weak (Spearman rank correlation ρ = −0.05, P = .009).
Worse appetite was independently associated with higher mortality and HF but not with CVD risk. However, appetite grade did not confound or modify the association between dietary sodium intake and the outcomes of interest. Based on year 2 questionnaire data, 538 of 2642 participants (20.4%) reported adoption of a low-salt diet. However, sodium intake among low-salt diet adopters (median, 2520 mg; 25th to 75th percentile, 1900-3370 mg) was similar to that among nonadopters (median, 2540 mg; 25th to 75th percentile, 1920-3330 mg) (P = .69). Self-reported low-salt diet was not associated with mortality risk (adjusted HR, 0.94; 95% CI, 0.79-1.12; P = .50), CVD risk (adjusted sHR, 1.11; 95% CI, 0.90-1.38; P = .34), or HF risk (adjusted sHR, 1.16; 95% CI, 0.91-1.48; P = .22) and did not confound or modify the association between dietary sodium intake and these outcomes.
Alternative Definitions of High Sodium Intake
In exploratory analyses, we examined 2 alternative binary definitions for high sodium intake (3000 and 4000 mg) ( Table 4) . Sodium intake exceeding 4000 mg was associated with more consistent estimates for mortality and incident CVD and HF risk in unadjusted analyses. However, the strength of the association was considerably dampened in adjusted analyses.
Discussion
In our study, we observed no association between FFQdetermined dietary sodium intake and 10-year mortality or incident CVD and HF among older adults participating in the Health ABC Study. Compared with baseline sodium intake of 1500 to 2300 mg/d, no signal of benefit was observed with less than 1500 mg/d of sodium intake. However, a signal for potential harm was observed with greater than 2300 mg/d of sodium intake, driven mainly by women and black participants, but this finding needs further confirmation because of nonsignificance and multiple subgroup testing. Also, no signal was observed for an association between dietary sodium intake and incident CVD and HF in this older adult population. this population segment is projected to double, 41 accompanied by almost doubling of new CVD cases 43 and 50% more HF cases. 44 Sodium intake of less than 1500 mg/d is recommended for adults 51 years or older as a means to prevent CVD, 45 although this recommendation has been debated. 30 In an analysis from the Third National Health and Nutrition Examination Survey, only 1.3% of adults 51 years or older were consuming less than 1500 mg/d of sodium; the mean consumption was 3100 mg/d. 46 In a recent study 47 among a Canadian cohort of older adults, sodium intake by FFQ was similar to that in our study. These findings highlight the difficulties in implementing stricter sodium intake, especially in older adults, 29 and the tremendous efforts that would be required at the industry, community, interpersonal, and individual level to achieve this level of sodium intake.
A 2009 meta-analysis 16 of 13 prospective studies reported that a 2000-mg-higher sodium intake was associated with a 14% higher risk for CVD. The estimates in our study were lower (approximately 6% higher risk per a 2000-mg-higher sodium intake) and did not reach significance. However, the Health ABC Study included only older adults 70 to 79 years old at the time of inception, and the mean sodium intake was much lower than that in the meta-analysis, emphasizing the importance of the population under investigation and the absolute levels of sodium intake for which the potential treatment effect is estimated. In a post hoc analysis of 28 880 individuals from 2 randomized trials, 22 a significant association between sodium urinary excretion and CVD was observed when excretion exceeded 6500 mg/d, a much higher threshold than that recommended by current guidelines. 30 This finding has been corroborated by a recent multinational cohort study. 24 In our exploratory analysis, the signal toward risk appeared more con- reported a positive association, no association, or an inverse relationship between sodium intake and mortality. Moreover, it is vexing that in some observational investigations the reductions in blood pressure achieved by dietary means did not translate into lower CVD rates. 50 Discrepant findings of previous studies 16, 22, 51 are likely due to differences in ranges of sodium intake, study populations, and methods of sodium assessment, as well as failure to explore nonlinear associations. The nonlinearity issue is highlighted by 3 recent studies. In a meta-analysis 25 that included 23 cohort studies and 2 follow-up clinical trials, risk for adverse outcomes was increased at intakes of less than 2600 and greater than 4900 mg/d of sodium. In a large multinational cohort of more than 100 000 participants 35 to 70 years old, 24 risk for death and major cardiovascular events was increased when 24-hour urinary sodium excretion was 7000 mg/d or higher (6000 mg/d for participants with hypertension) and when excretion was below 3000 mg/d. Recently, long-term outcomes were reported from the control arms of the Trials of Hypertension Prevention, during which 24-hour urinary sodium excretion was repeatedly assessed. 52 In the follow-up investigations, which started 10 and 5 years after the end of the Trials of Hypertension Prevention I and II, respectively, sodium excretion of less than 2300 mg/d was associated with lower CVD risk in middle-aged adults. No clear risk gradient was observed between the group consuming less than 2300 mg/d of sodium and the group consuming 2300 to 3600 mg/d of sodium, and linear trends were not significant. However, our study population consisted of older adults (71-80 years old), who are inherently at higher risk for CVD and HF, and the mean sodium intake was low (<3000 mg/d); therefore, the effect of high sodium intake might have been more difficult to ascertain.
Several trials, most of which were short-term studies, showed that a reduction in sodium excretion to levels consistent with current guidelines 30 lowered blood pressure in participants with prehypertension or hypertension and in normotensive participants, although the effect was attenuated in the latter. 53 However, investigators of younger participants with high-normal blood pressure reported no difference in CVD risk events on initial follow-up, and a statistically significant benefit during an extended observational follow-up period of 10 to 15 years was found only after multivariable adjustment. 54 In line with these findings, a 2011 Cochrane review 49 of randomized clinical trials evaluating reduced sodium intake detected no signific ant reduction in CVD risk or mortality. In another meta-analysis 55 of 4 primary prevention trials (2 in hypertension and 2 in prehypertension), a marginally significant reduction in CVD events was reported among those randomized to reduced sodium intake. Therefore, these studies are suggestive but not conclusive of a benefit of sodium reduction to very low intake targets in a primary prevention population. Considering the special case of older adults, in whom comorbidities, inadequate caloric intake, and medication interactions are additional concerns with very low sodium intake, 26, 27 the effect of sodium restriction should probably be tested explicitly in this population before implementing a generalized recommendation for very low (<1500 mg/d) sodium intake target. In the interim, a more conservative approach to sodium restriction (eg, targeting <2300 mg/d) might be appropriate for older adults. Our study has some limitations. First, although adequate from a broad epidemiological perspective, an FFQ is less accurate at the individual level than other measurement methods. Sodium intake estimates by FFQ are reasonably reproducible but are poorly correlated with 24-hour urinary excretion estimates, with Spearman rank correlation ρ values sequence, the association between dietary sodium intake and outcomes is probably attenuated in our study. Also, participants at greatest risk may be more susceptible to underestimation of sodium intake. However, self-reported adoption of a low-salt diet was not associated with significantly higher risk for events in our study. Second, the Health ABC Study was not designed to specifically answer the question of appropriate dietary sodium intake. Secondary data analyses associating sodium intake with outcomes have several methodological drawbacks.
57,58 Third, study participants were selected on the basis of voluntary participation and good functional capacity. Therefore, this sample may not fully reflect the general older adult population. However, individuals without mobility disability represent approximately 60% of the population 70 to 79 years old in the United States. 59 Fourth, although we have comprehensively adjusted for risk factors previously identified in this cohort, we cannot exclude unobserved confounding. In addition, the lack of an association between dietary sodium intake and blood pressure or hypertensive status, one of the main mechanisms by which sodium intake leads to increased CVD and HF risk, might be an indication of reverse causality or, alternatively, of higher sodium intake thresholds for blood pressure effects in this population. Fifth, considering the 10-year horizon, we cannot exclude the possibility of regression dilution. Sixth, our approach probably has reduced power in the individual sodium intake groups (compared with a quantile-based approach) and may have led to unstable relative risk estimates. However, we have opted for recommendationbased cutoffs of sodium intake (<1500, 1500-2300, and Abbreviations: CVD, cardiovascular disease; HF, heart failure; sHR, subhazard ratio (hazard ratio conditional on the competing risk for death). a Adjusted for age, sex, race, baseline hypertensive status, body mass index, smoking status, physical activity, prevalent CVD (for HF events), pulmonary disease, diabetes mellitus, depression, blood pressure, heart rate, electrocardiogram abnormalities, and serum glucose, albumin, creatinine, and cholesterol levels. b n = 667 vs n = 1314. c n = 248 vs n = 1733.
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